Background: Cavernous malformations (CMs) in the cerebellopontine angle (CPA) are rare, and most of such CMs reported to date are solid and extend from the internal auditory canal into the CPA. In contrast, cystic CMs that arise in the CPA and do not involve the internal auditory canal and dura of the skull base are extremely rare.
Background
Cavernous malformations (CMs) occur in 0.4-0.8% of the general population, and they account for 10-15% of all vascular malformations of the central nervous system [1, 2] . Intracranial CMs are commonly located in the supratentorial region, brain stem, basal ganglion, and cerebellar hemisphere [3] . However, CMs arising in the cerebellopontine angle (CPA) are an extremely rare clinical entity. At present, there are few reports available on such CMs. The majority of the CMs in the CPA reported to date are solid lesions that arise from the internal auditory canal and extend to the CPA [4] . In contrast, cystic CMs in the CPA are very uncommon: Only four cases of cystic CMs in the CPA have been reported to date, and none involved the internal auditory canal [5] [6] [7] [8] . The exact causes of cyst formation remain largely undefined; however, previous studies have suggested that recurrent minor hemorrhage from the sinusoids of the vascular malformation or from the neocapillary of the cyst wall may underlie the growth of the cyst [8, 9] . Herein, we describe a patient with cystic CM of the CPA who was admitted to our hospital and whose lesion was not adherent to the internal auditory canal or dura of the skull base, together with four similar cases identified through a literature search. Our goal was to summarize the clinical, radiological, and treatment features of CMs of the CPA.
Case Presentation
A 50-year-old man presented with progressive hearing loss in the right ear and vertigo for the past 6 months and facial numbness and unsteady gait for the past 15 days. Upon physical examination, he was found to have right ear sensory hearing loss, ataxia, diminished sensation in the right face (supplied by the third branch of the trigeminal nerve), and high frequency hearing loss in the right ear, as revealed by brain stem auditory evoked potential examination. MRI examination revealed a lesion in the CPA with solid and cystic components, which compressed the brain stem and the cerebellum. The anterior portion of the lesion was solid and showed signs of cystic changes, whereas the posterior portion of the lesion was cystic. The solid component of the lesion showed hyper-and isointensity on T1WI images and mixed hyper-and hypointensity on T2WI images, and it was significantly enhanced after contrast administration. The size of the solid component of the lesion was about 2.2 cm × 2.2 cm × 2.3 cm (Figure 1) . Surgery was performed via a right suboccipital retrosigmoid approach, and intraoperative monitoring of cranial nerves was conducted. The lesion was revealed to be red, well margined, firm, vascular, anteriorly solid with cystic changes, and adherent to the brain stem and the cerebellar hemisphere, the trigeminal nerve, and facial and acoustic nerves. Following separation of the lesion from adjacent nerves and tissues along the border of the lesion under microscopy, the lesion was totally resected in a partitioning manner. The xanthochromic fluid in the back of the lesion was drained during surgery. The patient recovered well after surgery and presenting symptoms were significantly relieved. Postoperative CT scans demonstrated that the lesion was completely resected (Figure 2 ). The histopathological features of the lesion were consistent with a CM (Figure 3) . At 1-year follow-up, this patient's symptoms at presentation had resolved. Figure 1 MRI showed a solid cystic lesion in the right CPA that compressed both the brain stem and the cerebellum. The anterior portion of the lesion was solid and showed signs of cystic changes, and the posterior portion of the lesion was cystic. The size of the solid component was about 2.2 cm × 2.2 cm × 2.3 cm. The solid component showed hyper-and isointensity on T1WI images (A) and mixed intensity on T2WI images (B), and it was significantly enhanced after contrast administration (C).
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Discussion
Locations of CMs are primarily associated with the volume of the brain tissues; therefore, CMs are more common in supratentorial areas and occasionally are found in the brain stem, the cerebellum, cranial nerves, dura mater, and venous sinuses [3, 10] . However, the occurrence of CMs in the CPA is rare, and most of such CMs reported to date are solid and extend from the internal auditory canal into the CPA [4] . In contrast, CMs that arise in the CPA and do not involve the internal auditory canal and dura of the skull base are extremely rare. To date, only four such cases have been reported [5] [6] [7] [8] . (Table 1 ). In fact, CMs arising in the central nervous system are mostly solid, and cystic CMs are rare. In the present study, we describe an additional case of cystic CMs in the CPA (treated in our hospital), together with the four similar cases previously reported. A retrospective analysis of the imaging features of the five cases revealed that cystic CMs in the CPA had unspecific imaging manifestations. Of the five cases, four had large cysts and small nodules and one case had multiple cysts interspersed in the solid component of the lesion. Enhancement of varying degrees was noted in all five cases. These findings are consistent with the imaging features of 25 cases of cystic CMs reviewed by Ohba [9] . Our study also confirms that cystic CMs arising in the CPA are rare cystic CMs in the central nervous system. Only four such cases (16%) were found among the 25 cases of cystic CMs reviewed by Ohba [9] . Herein we reviewed a relatively large series of cystic CMs in the CPA, including one case encountered in our institution, in an attempt to outline the clinical and therapeutic characteristics of cystic CMs in the CPA.
The causes of cystic degeneration of CMs remain unknown. Recurrent minor hemorrhage of internal vascular sinuses or neocapillaries within CMs may be involved in the process. When bleeding episodes occur within a CM, the osmotic pressure across the CM membrane changes, leading to gradual fluid accumulation within the CM and cystic degeneration, followed by CM growth [9, 11, 12] . Cystic degeneration within the CMs in the CPA is a progressive process, thus CMs may be at different stages of cystic degeneration when imaging examinations are performed. Consequently, the CMs may show various features of cystic degeneration. For example, multiple cysts may be seen within the solid component of the CM, and a large cyst may be seen in combination with small nodules. In addition, cystic CMs may have different blood supply profiles. All of these features contribute to different enhancement patterns upon contrast-enhanced CT or MRI examination, which can vary from no enhancement at all to marked enhancement. Solid CMs in the brain can show specific MRI manifestations (e.g., a hypointense rim containing hemosiderin deposits on T2WI or DWI sequences) [13, 14] .
However, out of the five cases described in this report, only one case showed a rim of hemosiderin deposition. Cystic degeneration is less severe in small CMs, which are mostly solid. The characteristic hemosiderin deposition rim may be caused by the exudated blood from a hemorrhage, which cannot enter the inside of the CM. Because of the complex imaging features of cystic CMs in the CPA, it is difficult to make a correct diagnosis for such lesions preoperatively, and therefore they are more likely to be misdiagnosed as other cystic tumors, such as cystic acoustic neuroma, glioma, and hemangioblastoma [15] [16] [17] . After reviewing the imaging features of the five cases of cystic CMs in the CPA, we suggest that a diagnosis of cystic CMs may be suspected when a cystic lesion with no involvement of the internal auditory canal and skull base dura is present in the CPA.
Due to the small space of the CPA and the complex surrounding anatomical structures, the presence of CMs will affect the root of the 5 th -11 th cranial nerves, the cerebellum, and the brain stem and result in clinical symptoms. The five cases in the present study presented with symptoms involving the trigeminal nerve, facial and acoustic nerves, and the cerebellum. However, they did not show symptoms of brain stem compression, which may be because the CM likely grows toward the CPA cistern. The trigeminal nerve, facial and acoustic nerves, and the cochlear nerve are quite sensitive, thus even a small CM may cause pronounced clinical symptoms. Therefore, surgical resection is indicated for such CMs. The five patients with cystic CMs described herein underwent surgical resection via a suboccipital retrosigmoid approach with cranial nerve monitoring. Particular care was taken to protect facial and acoustic nerves and the brain stem from injury so as to avert serious postoperative complications. We found that the CMs arising in the CPA adhered to cranial nerves, the cerebellum, the brain stem, and arteries. However, the adhesion seemed to be well circumscribed to allow separation.
The findings described above are in contrast with solid CMs in the CPA, the majority of which arise in the internal auditory canal and have close adhesion with the 7 th and 8 th cranial nerves. It is quite difficult to free solid CMs from the closely adhered nerves, and more often than not such operations cause clinical symptoms [4] . In addition to taking into account the surrounding nerves while performing surgical resection for cystic CMs in the CPA, neurosurgeons also need to evaluate the degree of blood supply, as this is another critical factor that determines the success of surgical resection. Of the five cases reported herein, four had a rich blood supply and one had a poor blood supply. In one case of a cystic CM with a rich blood supply, total surgical resection had to be performed in two stages due to copious hemorrhaging during the first attempt.
CMs are benign lesions and show a favorable prognosis after complete resection. However, possible injury to cranial nerves during surgery is directly associated with the surgical outcomes due to the complex structures of the CPA. Two patients experienced an uneventful recovery. In contrast, one patient died and two patients did not show improvement in their symptoms, although they did not develop postoperative complications. The possible causes of the poor outcomes include unavailability of cranial nerve monitoring and limited microsurgical skills in two cases and the failure to completely resect the CM in a single attempt in one case with a rich blood supply. 
Conclusions
In conclusion, although cystic CMs in the CPA have no specific imaging features, neurosurgeons should consider the likelihood of CMs when a cystic lesion with no adhesion to the internal auditory canal and skull base dura mater is present in the CPA. Although cystic CMs also involve cranial nerves, the cerebellum, the brain stem, and arteries, they can be separated from these surrounding structures because of the presence of wellmargined adhesions; this trait is not present in solid CMs. Skillful microsurgical techniques and cranial nerve monitoring are two critical factors that can ensure a favorable curative outcome in most cases of cystic CMs in the CPA.
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